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 INTRODUCTION 
 Cysticercosis (CC) is a zoonosis caused by the larval stage 
of  Taenia solium , which locates in the muscles and/or central 
nervous system causing, in the latter case, neurocysticercosis 
(NCC). 1 The presence of the parasite in the muscles is often 
asymptomatic. In contrast, NCC may cause important neuro-
logical disorders, such as epilepsy, and even death. Diagnosis 
of CC requires the use of imaging and serological techniques. 2 
Based on these tools, hospital-based studies have been con-
ducted to determine the NCC prevalence and diagnostic 
performances of serological tests among epileptic patients. 
Additionally, epidemiological studies are useful to understand 
the transmission dynamics of the parasite. 3, 4 However, it is 
known that the sensitivity and specificity of a test may vary 
when applied on symptomatic versus asymptomatic individu-
als. The use of estimates of the sensitivity and specificity of a 
diagnostic tool based on a selected population of symptom-
atic patients would, therefore, not be completely appropriate 
in the framework of an epidemiological study. 5 Estimations of 
the performances of a test for its use among an entire exposed 
population are then required. However, such studies on CC 
face two main constraints: (1) for ethical and practical rea-
sons, imaging techniques such as magnetic resonance imaging 
(MRI) and computed tomography (CT) scan are not appli-
cable in the field, and (2) epidemiological studies should not 
only focus on NCC but all CC cases to understand the trans-
mission dynamics of the parasite, and gold-standard meth-
ods (diagnostic methods having a sensitivity and specificity of 
100%) are lacking for this purpose. Under these conditions, 
estimating the prevalence of CC and the sensitivity and spec-
ificity of a test is only possible using a Bayesian approach. 
Bayesian statistical modeling is based on the integration of 
the results of multiple diagnostic tests together with prior 
knowledge on the characteristics (sensitivity and/or specific-
ity) of these tests. 6 The aim of the present study was to esti-
mate the performances of three serological diagnostic tests 
and the prevalence of CC using a Bayesian approach in a 
south Ecuadorian community where  T. solium is endemic. Two 
different definitions of a case have been considered to make 
a distinction between prevalence of infection (proportion of 
individuals currently infected with living cysticerci) and prev-
alence of prior exposure to  T. solium (proportion of individ-
uals who have been in contact with the parasite during the 
precedent year, with or without development of cysticerci and 
with or without [cured individuals] current infection with liv-
ing cysticerci). 3, 7 
 MATERIALS AND METHODS 
 The sampling protocol of the present study has been 
described elsewhere. 4 Briefly, a community-based study was 
conducted between September and November 2007 in the 
parish of Cazaderos, situated in the southern Andean prov-
ince of Loja, where CC is endemic. 8 
 A total of 791 human serum samples were collected and 
tested using three serological methods, namely the enzyme-
linked immunosorbent assay (Ag-ELISA) for the detection 
of circulating antigens of the metacestode of  T. solium , 9 the 
enzyme-linked immunoelectrotransfer blot assay (EITB) for 
the detection of antibodies directed against seven specific 
T. solium glycoprotein antigens, 10 and the ELISA for the detec-
tion of antibodies directed against crude cyst-fluid extracts 
(Ab-ELISA). 11 The results of the three tests applied on 791 
individuals are shown in  Table 1 . 
 Bayesian analysis.  Because none of the serological tests 
included in this study is a gold standard, a Bayesian analysis 
was used to estimate the prevalence and characteristics of the 
tests. Two definitions of a case have been considered to make 
a distinction between prevalence of infection (an individual 
who is currently infected by living cysts 7 ) and prevalence of 
recent exposure to the parasite (an individual who has been 
in contact with the parasite during the precedent year, with 
or without development of cysticerci and with or without 
[cured individuals] current infection with living cysticerci 3, 7 ). 
A multinomial Bayesian model adapted from Berkvens and 
others 6 was used (Supplemental Appendix S1, available at 
 www.ajtmh.org ). Prior information on the test characteristics 
was extracted from the available literature according to the 
two above-mentioned definitions of a case and adapted by 
experts of the Institute of Tropical Medicine of Antwerp 
(Belgium) to be expressed as conditional probabilities ( Tables 2 
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and  3 ). 9– 12 The models allow for estimation of the credibility 
intervals for differences between the prevalence estimates of 
infection and exposure, between the characteristics of the same 
test estimated for each prevalence definition, and between the 
characteristics of the tests (2 × 2) for the detection of infected 
and exposed individuals. A credibility interval with both limits 
having the same sign (zero not included in the interval) can 
be interpreted as the equivalent of a significant result in a 
frequentist approach. 
 The analysis was conducted in WinBUGS and R. 13, 14 Criteria 
assessing the fit between prior information and test results were 
evaluated (i.e., the Bayesian  P value [Bayesp], the Deviance 
Information Criterion [DIC], and the number of parameters 
effectively estimated by the model [pD]). 6, 13 
 Ethical clearance.  The protocol of this study was approved 
by the Ethical Committee of the Central University of Ecuador 
and the Ethical Committee of the University Teaching Hospital 
of Antwerp, Belgium. Informed consent was obtained from 
all adult participants and the parents or legal guardians of 
minors. 
 RESULTS 
 The estimates of the prevalence of infection/exposure 
and the characteristics of the three serological tests for 
the detection of infected/exposed individuals are shown in 
Table 4 . The prevalence of infection by living cysts was 
estimated at 1% (95% confidence interval [CI] = 0–3%), 
whereas the prevalence of exposure to  T. solium within the 
precedent year was 23% (95% CI = 19–27%). 
 A statistical difference was detected between the preva-
lence of infection and exposure and between the sensitivity of 
the Ag-ELISA, the sensitivity of the Ab-ELISA, and the spec-
ificity of the EITB, depending on the case definition. 
 A statistical difference was detected between the specific-
ities of Ag-ELISA and EITB, the specificities of Ag-ELISA 
and Ab-ELISA, and the specificities of EITB and Ag-ELISA 
for the detection of infected individuals. A statistical differ-
ence was detected between the sensitivities of Ag-ELISA and 
EITB, the sensitivities of Ag-ELISA and Ab-ELISA, the sensi-
tivities of EITB and Ab-ELISA, the specificities of Ag-ELISA 
and Ab-ELISA, and the specificities of EITB and Ab-ELISA 
for the detection of exposed individuals. 
 Table 1 
 Results of the three serological tests applied on 791 individuals of 
Cazaderos 
Ag-ELISA EITB Ab-ELISA Number
1 1 1 11
1 1 0 2
1 0 1 5
1 0 0 5
0 1 1 90
0 1 0 96
0 0 1 206
0 0 0 376
 0 = negative test result; 1 = positive test result; Ag-ELISA = enzyme-linked immunosor-
bent assay for the detection of circulating antigens of the metacestode of  T. solium ; EITB = 
enzyme-linked immunoelectrotransfer blot assay for the detection of antibodies directed 
against seven specific  T. solium glycoprotein antigens; Ab-ELISA = enzyme-linked immu-
nosorbent assay for the detection of antibodies directed against crude cyst-fluid extracts of 
T. solium ; number = number of individuals for each result category. 
 Table 2 
 Prior information for the detection of infected individuals (uniform 




Sensitivity of the Ag-ELISA for the detection of infected 
individuals (th1[2] in the model in Supplemental 
Appendix S1) 0.8–1
Specificity of the Ag-ELISA for the detection of infected 
individuals (th1[3] in the model in Supplemental 
Appendix S1) 0.9–1
Probability to have a positive result for the EITB if the 
individual is infected and positive for the Ag-ELISA 
(th1[4] in the model in Supplemental Appendix S1) 0.95–1
Probability to have a positive result for the Ab-ELISA 
if the individual is infected and positive for the 
Ag-ELISA and the EITB (th1[8] in the model in 
Supplemental Appendix S1) 0.9–1
 * The other probabilities are not constrained and left as uniform distributions (0–1). 
 Ag-ELISA = enzyme-linked immunosorbent assay for the detection of circulating antigens 
of the metacestode of  T. solium ; EITB = enzyme-linked immunoelectrotransfer blot assay for 
the detection of antibodies directed against seven specific  T. solium glycoprotein antigens; 
Ab-ELISA = enzyme-linked immunosorbent assay for the detection of antibodies directed 
against crude cyst-fluid extracts of  T. solium . 
 Table 3 





Specificity of the Ag-ELISA for the detection of exposed 
individuals (th2[3] in the model in Supplemental 
Appendix S1) 0.9–1
Probability to have a positive result for the EITB if the 
individual is exposed and positive for the Ag-ELISA 
(th2[4] in the model in Supplemental Appendix S1) 0.95–1
Probability to have a positive result for the EITB if the 
individual is exposed and negative for the Ag-ELISA 
(th2[5] in the model in Supplemental Appendix S1) 0.95–1
Probability to have a negative result for the EITB if the 
individual is not exposed and negative for the Ag-ELISA 
(th2[6] in the model in Supplemental Appendix S1) 0.95–1
Probability to have a positive result for the Ab-ELISA 
if the individual is exposed and positive for the 
Ag-ELISA and the EITB (th2[8] in the model in 
Supplemental Appendix S1) 0.9–1
Probability to have a negative result for the Ab-ELISA 
if the individual is exposed and negative for the 
Ag-ELISA and the EITB (th2[12] in the model in 
Supplemental Appendix S1) 0.5–1
 * The other probabilities are not constrained and left as uniform distributions (0–1). 
 Ag-ELISA = enzyme-linked immunosorbent assay for the detection of circulating antigens 
of the metacestode of  T. solium ; EITB = enzyme-linked immunoelectrotransfer blot assay for 
the detection of antibodies directed against seven specific  T. solium glycoprotein antigens; 
Ab-ELISA = enzyme-linked immunosorbent assay for the detection of antibodies directed 
against crude cyst-fluid extracts of  T. solium . 
 Table 4 
 Estimates of the prevalence of infection/exposure to the parasite and 
the characteristics of the three serological tests for the detection of 
infected/exposed individuals 
 CI = credibility interval; Se = sensitivity; Sp = specificity; Ag-ELISA = enzyme-linked 
immunosorbent assay for the detection of circulating antigens of the metacestode of 
 T. solium ; EITB = enzyme-linked immunoelectrotransfer blot assay for the detection of anti-
bodies directed against seven specific  T. solium glycoprotein antigens; Ab-ELISA = enzyme-
linked immunosorbent assay for the detection of antibodies directed against crude cyst-fluid 
extracts of  T. solium . 
Prevalence
Ag-ELISA EITB Ab-ELISA
Se Sp Se Sp Se Sp
Infection 0.01 0.90 0.98 0.93 0.76 0.89 0.61
CI lower 95% limit 0.00 0.80 0.97 0.82 0.72 0.79 0.58
CI upper 95% limit 0.03 0.99 0.99 0.99 0.79 0.97 0.65
Exposure 0.23 0.05 0.98 0.97 0.97 0.51 0.64
CI lower 95% limit 0.19 0.01 0.96 0.95 0.94 0.41 0.60
CI upper 95% limit 0.27 0.10 0.99 1.00 0.99 0.60 0.68
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 DISCUSSION 
 This study gives an estimation of the prevalence of infection 
and exposure and the characteristics of three diagnostic tests 
to detect individuals infected with  T. solium cysts and individu-
als exposed to the parasite inside an entire population living 
in an endemic area. The estimated prevalence of infection was 
statistically lower than the estimated prevalence of exposure to 
the parasite. As expected, antibody detection by EITB showed 
a high sensitivity and specificity to detect exposed individuals. 
One could expect identical results for the Ab-ELISA because 
it also detects antibodies, but both sensitivity and specificity 
of this test were statistically lower than the same estimates for 
the EITB. The use of crude cyst-fluid extracts could explain 
the lack of specificity of this test to detect exposure, because 
cross-reactions with many other parasites are suspected. 15 
However, the low sensitivity of the technique could be caused 
by the complex conformation of the crude antigens, which stay 
inaccessible for antibodies in contrast to the EITB-purified 
glycoproteins. The three tests had a relatively high sensitiv-
ity to detect infection, but the specificity of both EITB and 
Ab-ELISA were statistically lower than the specificity of the 
Ag-ELISA. This can be explained by the high number of false 
positives for these two tests detecting antibodies, because they 
were not able to discriminate between exposure and infection. 
Indeed, antibodies can be present in currently infected individ-
uals but also in individuals who were infected and cured and 
individuals who were exposed to the parasite without devel-
oping the disease. 3 Additionally, the Ag-ELISA was insensi-
tive to detect exposure to the parasite, because it only detects 
individuals infected with living cysts excreting antigens. 7 
 In conclusion, this study shows the importance of the defini-
tion of a case (infection or exposure) when attempting to esti-
mate the prevalence of a disease and the characteristics of the 
diagnostic tests. It underlines the necessity of using a multiple-
testing approach when no gold standard is available but high-
lights the need of interpreting expert opinion and published 
information carefully to use it properly in a Bayesian analysis, 
particularly when this information is based on clinical studies. 
Moreover, these findings point out the low performances of 
the Ab-ELISA using crude cyst-fluid extracts and cast doubt 
on the suitability of the use of crude antigens for diagnosing 
CC. Prior information on the test characteristics was based 
on the available literature according to the two definitions of 
a case and expert opinion. However, ongoing cohort studies 
on NCC using imaging as a gold-standard technique suggest 
a variation in the performances of the serological methods 
as a function of the level of infection (unpublished results). 
When available, different prior information scenarios should 
be included in the present Bayesian statistical model, and the 
results should be compared. 
 Received February 24, 2010. Accepted for publication May 18, 2010. 
 Note: Supplemental appendix is available online at  www.ajtmh.org 
 Financial support: This work was supported by the Belgian Coopera-
tion in the framework of the Institutional Collaboration between the 
Institute of Tropical Medicine in Antwerp, Belgium, and the Centro 
Internacional de Zoonosis in Quito, Ecuador. 
 Authors’ addresses: Nicolas Praet, Niko Speybroeck, Serge Ahounou, 
Anke Van Hul, and Pierre Dorny, Institute of Tropical Medicine, 
Animal Health Department, Antwerp, Belgium, E-mails:  npraet@
itg.be ,  nspeybroeck@itg.be ,  agserge@yahoo.fr ,  avanhul@itg.be , and 
 pdorny@itg.be . Richar Rodriguez-Hidalgo, Washington Benitez-
Ortiz, and Margoth Barrionuevo-Samaniego, Centro Internacional 
de Zoonosis, Central University of Ecuador, Quito, Ecuador, 
E-mails:  rrodriguez-ciz@ac.uce.edu.ec ,  wbenitez-ciz@ac.uce.edu
.ec , and  mbarrionuevo-ciz@ac.uce.edu.ec . Dirk Berkvens, Institute of 
Tropical Medicine, Animal Health Department, Antwerp, Belgium 
and Department of Animal Production, Faculty of Bioscience 
Engineering, Ghent University, Ghent, Belgium, E-mail:  dberkens@
itg.be . Claude Saegerman, Department of Infectious and Parasitic 
Diseases, Research Unit of Epidemiology and Risk Analysis Applied 
to Veterinary Sciences, Faculty of Veterinary Medicine, University of 
Liege, Liège, Belgium, E-mail:  claude.saegerman@ulg.ac.be . 
 REFERENCES 
  1.  Garcia  HH ,  Gonzalez  AE ,  Evans  CA ,  Gilman  RH ,  2003 .  Taenia 
solium cysticercosis .  Lancet  362:  547 – 556 . 
  2.  Carpio  A ,  2002 .  Neurocysticercosis: an update .  Lancet Infect Dis  2: 
 751 – 762 . 
  3.  Garcia  HH ,  Gonzalez  AE ,  Gilman  RH ,  Palacios  LG ,  Jimenez  I , 
 Rodriguez  S ,  Verastegui  M ,  Wilkins  P ,  Tsang  VC ,  2001 .  Short 
report: transient antibody response in  Taenia solium infection 
in field conditions—a major contributor to high seropreva-
lence .  Am J Trop Med Hyg  65:  31 – 32 . 
  4.  Praet  N ,  Speybroeck  N ,  Rodriguez-Hidalgo  R ,  Benitez-Ortiz  W , 
 Berkvens  D ,  Brandt  J ,  Saegerman  C ,  Dorny  P ,  2009 .  Age-related 
infection and transmission patterns of human cysticercosis .  Int J 
Parasitol  40:  85 – 90 . 
  5.  Bhattarai  NR ,  Van der Auwera  G ,  Khanal  B ,  De Doncker  S , 
 Rijal  S ,  Das  ML ,  Uranw  S ,  Ostyn  B ,  Praet  N ,  Speybroeck  N , 
 Picado  A ,  Davies  C ,  Boelaert  M ,  Dujardin  JC ,  2009 .  PCR and 
direct agglutination as  Leishmania infection markers among 
healthy Nepalese subjects living in areas endemic for Kala-
Azar .  Trop Med Int Health  14:  404 – 411 . 
  6.  Berkvens  D ,  Speybroeck  N ,  Praet  N ,  Adel  A ,  Lesaffre  E ,  2006 . 
 Estimating disease prevalence in a Bayesian framework using 
probabilistic constraints .  Epidemiology  17:  145 – 153 . 
  7.  Dorny  P ,  Brandt  J ,  Zoli  A ,  Geerts  S ,  2003 .  Immunodiagnostic tools 
for human and porcine cysticercosis .  Acta Trop  87:  79 – 86 . 
  8.  Rodriguez-Hidalgo  R ,  Benitez-Ortiz  W ,  Praet  N ,  Saa  LR , 
 Vercruysse  J ,  Brandt  J ,  Dorny  P ,  2006 .  Taeniasis-cysticercosis 
in southern Ecuador: assessment of infection status using mul-
tiple laboratory diagnostic tools .  Mem Inst Oswaldo Cruz  101: 
 779 – 782 . 
  9.  Dorny  P ,  Phiri  IK ,  Vercruysse  J ,  Gabriel  S ,  Willingham  AL 3rd , 
 Brandt  J ,  Victor  B ,  Speybroeck  N ,  Berkvens  D ,  2004 .  A Bayesian 
approach for estimating values for prevalence and diagnostic 
test characteristics of porcine cysticercosis .  Int J Parasitol  34: 
 569 – 576 . 
 10.  Tsang  VC ,  Brand  JA ,  Boyer  AE ,  1989 .  An enzyme-linked immuno-
electrotransfer blot assay and glycoprotein antigens for diagnos-
ing human cysticercosis ( Taenia solium ) .  J Infect Dis  159:  50 – 59 . 
 11.  Arruda  GC ,  da Silva  AD ,  Quagliato  EM ,  Maretti  MA ,  Rossi  CL , 
 2005 .  Evaluation of  Taenia solium and  Taenia crassiceps cystic-
ercal antigens for the serodiagnosis of neurocysticercosis .  Trop 
Med Int Health  10:  1005 – 1012 . 
 12.  Erhart  A ,  Dorny  P ,  Van De  N ,  Vien  HV ,  Thach  DC ,  Toan  ND , 
 Cong le  D ,  Geerts  S ,  Speybroeck  N ,  Berkvens  D ,  Brandt  J ,  2002 . 
 Taenia solium cysticercosis in a village in northern Viet Nam: 
seroprevalence study using an ELISA for detecting circulating 
antigen .  Trans R Soc Trop Med Hyg  96:  270 – 272 . 
 13.  Lunn  DJ ,  Thomas  A ,  Best  N ,  Spiegelhalter  D ,  2000 .  WinBUGS—a 
Bayesian modelling framework: concepts, structure and exten-
sibility .  Stat Comput  10:  325 – 337 . 
 14.  Ihaka  R ,  Gentlemen  R ,  1996 .  R: a language for data analysis and 
graphics .  J Comput Graph Stat  5:  299 – 314 . 
 15.  Tchamdja  E ,  2007 .  Mise au point et étude des performances d’un 
test ELISA pour la detection d’anticorps dirigés contre 
Cysticercus cellulosae chez l’Homme . MSc thesis,  Institute of 
Tropical Medicine ,  Antwerp, Belgium . 
